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Affective Domain and Student Learning in the Geosciences

David A. McConnell’ and Katrien J. van Der Hoeven Kraft?

ABSTRACT

Decades of science education research have provided us with a variety of tools to deal with the cognitive processes behind
our students’ learning. However, we have placed much less attention on student affect, the feelings, attitudes, emotions,
and values that can encourage or discourage the adoption of effective learning behaviors. This has occurred even though
the affective domain has been demonstrated to have a significant influence on student learning. An increased awareness
of the role of the affective domain in the sciences has the potential to improve student learning, boost recruitment of
majors, and reduce student attrition. We propose that the geoscience education research community would benefit from
giving greater consideration to the role of the affective domain as a key component of the learning process. © 2011 National

Association of Geoscience Teachers. [DOI: 10.5408 /1.3604828]

INTRODUCTION

Walt Whitman (Whitman, 1900) begins his poem,
When 1 heard the Learn’d Astronomer, imagining himself in
the audience of a lecture:

When I heard the learn’d astronomer;

When the proofs, the figures, were ranged in columns before
me;

When I was shown the charts and the diagrams, to add,
divide, and measure them;

When 1, sitting, heard the astronomer, where he lectured
with much applause in the lecture-room,

It was a particularly good lecture (how often do we
receive applause?), but Whitman cannot sit still and soon
finds himself outside:

How soon, unaccountable, I became tired and sick;
Till rising and gliding out, I wander’d off by myself,
In the mystical moist night-air, and from time to time,
Look’d up in perfect silence at the stars.

Like Whitman, many of our students have an apprecia-
tion for the phenomena of nature but often have less inter-
est for the technical details behind the phenomena.
Decades of research on science education have provided us
with a variety of tools to deal with our students” concep-
tual understanding of the geosciences, the cognitive proc-
esses behind their learning. But there has been less focus
on student affect: the feelings, attitudes, emotions, and val-
ues that shape learning and behavior. Like Whitman, our
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students may feel disconnected from the nature we strive
so hard to define for them and they often struggle to see
the relevance of the content to their lives. Greater attention
paid to the affective domain provides an opportunity to
strike a balance between the content of science and the
motivation necessary to support the learning of the con-
tent. An increased awareness for the role of the affective
domain may provide opportunities to both improve stu-
dent learning and boost recruitment of majors.

AFFECTIVE DOMAIN AND STUDENT
LEARNING

A survey of geoscience teaching faculty at a major
research institution (Markley et al., 2009) recently reported
that 69% of respondents believed that student motivation
had a major impact on learning (in contrast with just 8%
who believed that the teaching methods they used were sig-
nificant). Student motivation is part of the affective domain,
which also addresses student emotion and regulation of
learning. Ultimately, the affective domain addresses the
question of why our students learn. However, we pay little
attention in the geosciences education community to deter-
mine why students choose to engage or disengage with the
content. We do spend a lot of time discussing how people
learn topics best, focusing on the cognitive domain. The use
of effective cognitive strategies (thinking, reasoning, etc.) is
positively related to student performance, but student adop-
tion of these strategies is either limited or promoted by affect
and self-regulated learning processes (Pintrich, 2003). Wol-
ters and Pintrich (1998) linked many cognitive and affective
factors together when they stated that “interest and value can
help a student choose to become involved in a task, somewhat like
the “starter” for a car, but once involved, the self-requlation process
of strategy use and adaptive efficacy beliefs are more important for
“steering” and controlling actual performance” (p. 44).

The affective domain has been demonstrated to have a
significant influence on student learning. For example,
Perry et al. (2007) showed a profound link between stu-
dents’ feeling of “control” and learning. Robbins et al.
(2004), Covington (2007), Pekrun (2007), Zusho et al. (2003),
and McConnell ef al. (2010) demonstrated that some
aspects of student motivation have more significant influen-
ces on college student performance (as measured by class
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scores) than does student ability (measured by standar-
dized test results such as ACT/SAT scores).

The geosciences have been slow to investigate the link
between the affective domain and teaching and learning,
despite emerging research that highlights the importance
of the affective domain in promoting student learning. But
do not feel too bad about it, we are not alone in this regard.
A search for the term cognitive in all NSF award descrip-
tions issued over the last decade (January 2000 to Decem-
ber 2010) yielded more than 2500 results. A similar search
for the term “affective” produced about a tenth the number
of hits. Looking for the term cognitive domain in the Google
Scholar database for science and engineering articles pub-
lished over the same time period produced five times as
many results as for the term affective domain.

Affect in Practice

Consider the following three scenarios in the context of
the affective domain. Which students are more engaged
with the content? In which case(s) is learning most likely to
be mediated by the students” affect?

Scenario A:
Cathy: “Did you do the homework assignment?”

Megan: “Yes, but I hate it, its just busy work so he can
see if we have opened the book.”

Cathy: “I know, I just make up lists of definitions and I
never know which I should memorize for the test.
Why can’t he just give a study guide with the
important terms so I don’t waste my time?”

Megan: “Too right, these science classes are all the
same, just a bunch of facts to memorize. Sooo boring!”

Scenario B:

Ron: “Did you do the homework assignment?”

Dexter: “Yes, I hate the fact that we have to summarize
the chapters, but at least it forces me to get organized

for the exams.”

Ron: “I guess, but I'm never sure if I'm making notes
on the right things.”

Dexter: “I agree with you there. I see what she is trying
to do but I'm not sure how much most people actually
get out of it.”

Scenario C:

Karl: “Which of the homework assignments did you
do?”

Jen: “Volcanoes, probably the most interesting topic
for the semester so far. I wouldn’t mind visiting some
of those places.”

Karl: “Yeah, me too! I hadn’t realized how many active
volcanoes there are in the US.”
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Jen: “At first I wasn’t sure what to take notes on, but
the learning objectives he gave us helped me figure it
out so I didn’t spend a lot of time on the small stuff.”

What is the difference between the three student con-
versations? The first two have a disinterest for the assign-
ment, but in the second scenario, they understand its role
and why they need to engage. In the third case, students
are interested in both the material and the task and seek to
successfully complete the assignment.

These different student scenarios provide an opportu-
nity to examine the components of the affective domain
more closely. The perception of a task will be strengthened
if the student believes that it has relevance to their life
and/or some utility beyond the class itself. A student who
places more value and interest in the task typically shows
greater learning, persistence, and effort (Wigfield and
Eccles, 2002; Hidi and Renninger, 2006). At the same time
that the student is making these judgments she will also be
making a decision about how easy it will be to complete
the task (ease of learning judgment), including how confi-
dent that she can complete the task successfully (self-effi-
cacy). Students with high self-efficacy expect to be
successful, will try harder, persist longer on tasks, and gen-
erally perform better on course assignments than do stu-
dents who have lower expectations (Pintrich and DeGroot,
1990; Pintrich, 2003; Bykerk-Kauffman et al., 2009;
McConnell et al., 2010). A student who knows what is
needed in order to complete a task will begin with low
task (test) anxiety, whereas a student who perceives the
task as difficult or is unclear on the expectations may begin
with heightened anxiety that can interfere with the learn-
ing process. Effective self-regulation strategies would also
include making a specific plan to complete the work,
including an assessment of the amount of effort involved,
and a willingness to seek help as a strategy. Those that
take control of their learning beliefs are more likely to at-
tribute success or failure to adaptable factors such as effort
(Zimmerman, 1998; Alderman, 2008). This control of learn-
ing can be facilitated by providing students with choices in
their learning. Finally, students who feel an intrinsic desire
to learn more about the content are more likely to be
engaged in learning, and those who have a more extrinsic
orientation will focus on succeeding academically (Ryan
and Deci, 2000), which on it’s own can result in a grade-
focus, but in combination with an intrinsic motivation can
result in a high performing and interested student.

In scenario A, Cathy and Megan were focused on the
extrinsic value of the task, because they had no interest or
value for the assignment. In addition, because their work
was not supported (i.e.,, no work samples or grading ru-
bric), it may have helped to increase their anxiety and
decreased their overall feelings of self-efficacy, and as a
result created a negative affective experience for these stu-
dents, which results in a decrease in interest and motiva-
tion for the topic.

In scenario B, Dexter and Ron were able to find some
value in the task, so there may have been an increase in
intrinsic value, but because it was not supported, it contin-
ued to increase anxiety. Because there was some connec-
tion to how this may help Dexter learn, it is possible that
the activity helped support his feelings of self-efficacy, but
clearly that is not the case for all students as Ron illustrates
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with his concerns. In addition, the professor has control of
the assignment, providing the students with little choice in
the format or topic. Students like Dexter, who are highly
self-regulated, will be successful with almost any learning
task, however Ron may represent those students who may
need more support to be successful. With both students,
however, the interest for the content has declined due to
the lack of positive affective factors.

In the third scenario, Karl and Jen have some choice
over their task, with results in a greater task value and
intrinsic motivation. In addition, access to the learning
objectives helped Jen to feel supported and increased her
feelings of self-efficacy, which may in turn better prepare
her for a successful future assessment experience. These
students may also have an extrinsic orientation, due to the
assignment being part of their grade, but it is well sup-
ported by their interest and intrinsic values.

The affective domain is not completely absent from
geoscience education research. While not explicitly defined
by many researchers, it is visible in several recent articles
from the Journal of Geoscience Education. For example, a
search from the past year has revealed:

» Arthurs and Templeton (2009) sought to develop
activities with a personal connection to students in
an environmental geology course that also incorpo-
rated affective characteristics such as fun, curiosity,
and creativity.

Dadd (2009) introduced “real-life” exercises in an
environmental geology course that have the potential
to enhance student value in the lessons.

Eaton (2009) discussed the use of collaborative exams
as one strategy that was aimed at enhancing student
interest (and perhaps reducing test anxiety) in an in-
troductory geoscience course.

Eppes (2009) described how students designed se-
mester-length geomorphology projects, thus provid-
ing them with greater control of their learning
environment and promoting intrinsic learning goals.
Lutz and Srogi (2010) argued for the incorporation of
discussions of the different ways in which people
value the natural world in geoscience classes.

Trend (2009) suggested that the introduction of argu-
mentation skills can enhance student interest and
motivation in classwork.

Measuring the Affective Domain

Efforts at cognitive research may contain indirect refer-
ences to affect when they include comments about how
students enjoyed a particular task. However, the relevant
components of the affective domain often remain unmeas-
ured, and their link to student learning is therefore
untested. Exceptions to this may use existing instruments
such as the Attitudes toward Science Survey (ATSS; Bick-
more et al., 2009), or self-created instruments such as Likert
scale responses to a statement about confidence in ability
(self-efficacy; Sunderlin, 2009), or the interest and impor-
tance of the geosciences (Palmer et al., 2009), or the enjoy-
ment or usefulness of a particular task (Kennelly, 2009).

We already use standard instruments such as the Geo-
science Concept Inventory (GCI; Libarkin and Anderson,
2005) to measure student understanding of key geoscience
concepts. It is not a great leap from here to begin to utilize
valid and reliable measuring tools to define student scores
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on aspects of the affective domain using the ATSS or other
instruments such as:

* Motivated Strategies for Learning Questionnaire
(MSLQ; Pintrich et al., 1991).

¢ Intrinsic Motivation Inventory (IMI; Ryan and Deci,
2000).

 Study Process Questionnaire (RSPQ2F; Biggs et al.,
2001).

* Academic Motivation Scale (AMS; Vallerand et al.,
1992).

* Learning and Study Skills Inventory (LASSI; Cano,
2006).

Some of these instruments can be divided into a variety
of separate subscales that can be administered independ-
ently. Regardless of which scale we use, or which aspect of
the affective domain we seek, if we are to unravel the role of
affect in promoting geoscience learning, we must begin to
make direct efforts to design studies that determine which
aspects of affect best enhance learning in different contexts.

We are members of a multi-institution, NSF-funded
collaborative research project (GARNET = Geoscience
Affective Research NETwork) that is examining the con-
nection between students use of the affective domain, in-
structor teaching strategies, learning environments, and
class characteristics in college-level introductory physical
geology. Our research group began with 7 institutions (2
community colleges, 1 private 4-year liberal arts college, a
comprehensive public university, and 3 public research
universities) and is currently expanding to include about a
dozen more schools. GARNET’s goal is to establish a base-
line of data on the affective domain that will inform future
research in the geosciences and in other STEM disciplines.
Our initial research utilized the MSLQ (Pintrich ef al., 1991)
and has confirmed that the affective domain has a major
influence on student learning in the geosciences, and that
student-centered teaching methods have a more positive
influence on student affect than traditional, teacher-cen-
tered instruction (Bykerk-Kauffman et al., 2009; Gilbert
et al., 2010; McConnell et al., 2010). We interpret this latter
result to indicate that the class is the appropriate level of
analysis for institutional results as we see contrasts among
instructors when many other variables (e.g., class size) are
constant. There is a pressing need to look more closely at
the nature of the teaching and learning processes in classes
to characterize the factors that contribute to consistent
improvements in student affect.

Students often come to our classes with a genuine
interest in the topic (Arthurs and Templeton, 2009; Gilbert
et al., 2010), but programs often struggle to add majors. As
far as our students are concerned, we appear to be unable
to make a compelling case for sustaining, let alone increas-
ing, the number of geoscience majors. Similar results have
been identified from surveys of middle and high school
students (Kitts, 2009) many of whom prove capable of
doing science but do not want to do science. This despite
predictions for increasing demand for geoscientists in the
next decade (Bureau of Labor Statistics, 2010) and the fact
that starting salaries are typically higher in the geosciences
than several other sciences (NACE, 2009). Why are stu-
dents seemingly disinterested in majoring in the geoscien-
ces? What can we do to motivate them to find greater
value in the science of Earth? These questions cry out for



J. Geosci. Educ. 59, 106-110 (2011)

research on aspects of the affective domain if we are to
grow the number of geoscientists to meet future demand.

Notions of attending to affect are not limited to conver-
sations in academia. In his popular best-seller, Drive,
author Daniel Pink (2009) described how some companies
had made dramatic gains in productivity by giving their
workers opportunities to set their own (intrinsic) goals and
to take some measure of control of their tasks and their
work environment. Pink revealed how affective factors he
categorized as mastery, purpose, and autonomy were
stronger motivators than higher salaries in promoting em-
ployee satisfaction and retention.

SUMMARY

We must consider both the cognitive and affective
domains when conducting interventions to impact student
learning and when designing programs that seek to recruit
majors. We call for the geoscience community to begin to
take explicit steps to measure student affect and determine
ways to improve factors such as intrinsic goal orientation,
self-efficacy, task value, and control of learning beliefs, fac-
tors that correlate with student learning. We can anticipate
a range of questions that would be useful to answer as this
research moves forward. For example, if we recruit most of
our majors from introductory classes, we should make an
effort to learn more about students” affective constructs in
introductory courses, and how they relate to performance.
Specifically, it would be useful to discover just which inter-
vention strategies have a positive influence on student
affect.

One benefit of the relative paucity of existing research
on the affective domain in college science classes is that the
geosciences have an opportunity to take leadership in this
vital topic. We believe that the geosciences are well posi-
tioned to be able to address the role of the affective domain
in teaching and learning. Geoscientists are natural story
tellers (Bickmore et al., 2009), and field experiences provide
our students with the opportunity to engage in social expe-
riences that help to generate a feeling of community and
connection (Stokes and Boyle, 2009). Think back to what
first attracted you to the geosciences. From our own experi-
ences, we were not that different from Walt Whitman,
many of us were first charmed and drawn in by the land-
scape around us and only later came to appreciate the fig-
ures, . . ranged in columns and charts and diagrams. Perhaps
our students also need to make that personal connection to
the subject. Investigations of the components of the affec-
tive domain will inform us about which strategies help fos-
ter that connection and have the added benefit of
promoting deep conceptual learning.
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